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APPENDIX 1 – ADDITIONAL INFORMATION ON DESIGN FACTORS 

Collector Type 
In addition to the flat plate and evacuated tube collectors mentioned in the solicitation, we 

recommend one more: 

Building-integrated SDHW (Bi-SDHW) 
Building integration of solar photovoltaics (PV) has been popular for some time. Solar 

thermal building-integrated solutions are somewhat less common.  Bi-SDHW systems 

can use a specially-constructed metal or slate roof as an unglazed solar thermal collector. 

Bi-SDHW systems should be represented in the assessment because they are 

commercialized, achieve longer lifetimes through installation behind the envelope with 

durable cross-linked polyethylene tubing, and overcome the aesthetic concerns that could 

otherwise hinder the implementation of SDHW in New York State. 

Tank Type/Arrangement 
We recommend adding two variations to the modeled tank types to more accurately reflect the 

diversity of water heating appliances and configurations in use in New York State. Since tank 

arrangements are specific to certain manufacturer design, the only tank types analyzed for a given 

manufacturer will be those they offer on the market. 

•	 Single Tank – Electric or Boiler-fed; internal or external heat exchanger 

•	 Two Tank – with conventional tank or instantaneous (tankless) hot water
 

heater; internal or external heat exchanger, drainback, or closed-loop system.
 

There are a number of nuances to the way in which hot water heating is typically performed in 

New York State homes. While the majority of homes, both existing and constructed, heat their 

water with a stand-alone gas-fired hot water tank, the other water heating types are also worth 

modeling because they either: 

•	 are achieving greater market share than in the past 

•	 are uniquely compatible with SDHW systems 

•	 significantly alter the economics of installation and running costs 

The tank types recommended for inclusion are further explained below: 
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F. Drainback System Design 

Figure 24. Drainback system "off" Figure 25: Drainback system "on" 

Drainback systems are those systems designed to be drained of fluid. The two potential states of 

the drainback system can be seen in the above diagrams: charged when there is sufficient solar 

resource and drained when there is insufficient solar resource.45 This design feature also offers 

some measure of freeze protection as cold temperatures cause the system to drain of fluid. In order 

to prevent freezing care must be taken to ensure the pipes are negatively pitched at all points 

running from the collectors to the tank so that fluid is not trapped in the pipes. Drainback systems 

usually consist of two pumps, one for charging the system and one for moving the fluid once the 

system is charged – additional pumping energy will be included in the energy model. The systems 

also consist of two tanks – a small tank for the working fluid and heat exchange, and a larger 

conventional water heater. 

Any drainback system included in this assessment must meet the following criteria: 

•	 Suitable for all of New York State, defined as those systems having a Freeze Tolerance 

Limit below the record low temperature for New York State of -48 F 46 

•	 Only systems that offer off-the-shelf components will be considered. Custom fabrication 

is difficult to model, difficult to price, and difficult to fabricate at scale. 

•	 Only panels with well-established durability will be considered. This is defined as 

greater than five years in the marketplace. 

45 “How FAFCO Solar Hot Water Systems Work,” FAFCO, http://fafco.com/SolarHotWater/How
FAFCO-Solar-Products-Work.html. 
46Data for Old Forge, NY & Massena, NY, The Weather Channel, http://www.weather.com 
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Even though drainback systems are not well-established in the New York market, or the national 

market, OG-300 systems suitable for New York State do exist, and therefore if one of the below 

designs meet the above criteria and the manufacturer is willing to participate, their system will be 

included. Eight drainback systems have obtained an OG-300 rating from the Solar Rating and 

Certification Corporation (SRCC) as seen in Table 38 below. 

Manufacturer System Model 
Freeze Tolerance 

Limit (ºF) 

Bobcat & Sun Inc Sun-Pak -60 

Morley Manufacturing High Sierra Drainback -60 

Radco Products, Inc Drainback Heat Exchanger -60 

Synergy Solar Drainback Stainless HX -50 

Alternate Energy Technologies EagleSun -20 

Fafco Polymer Drainback -20 

Solar Energy, Inc Duro-Drainback -20 

Solene Solene/Chromagen Drain Back -10 

Table 38. SRCC OG-300 certified Drainback systems 

Roof Type & Orientation 

A. Flat Roof 
Installing on a flat roof instead of a roof that is sloped to the south should not impact system 

performance as much as installation cost. Flat roof installations must still be angled towards the 

south, and thus incur additional material and labor costs. We do not recommend performing 

additional energy models based on roof type, but we will investigate the effect of flat-roof 

installation cost in the economic analysis. 

B.  Roofs Sloped Other than Towards Due South 
Orientation of roof affects orientation of solar collectors, which, in turn, affects SDHW system 

output at different times of the day (e.g. collectors oriented to the West will generate more hot 

water towards the end of the day than collectors oriented due South). Rigorous analysis of every 

SDHW system at multiple orientations and multiple locations is outside the scope of this project, 

however at least three representative systems will be simulated at different orientations at a single 

location (e.g. Albany). 

Explored but Not Recommended 

Below are design factors considered, but excluded from the assessment. 

A. Glazed vs. Unglazed collector panels 
Unglazed collectors are the most commonly used collectors in the United States, due to their 

success in the pool heating market. An analysis by Jay Burch, Jim Salasovich, and Tim Hillman 

indicates that when collector costs comprise a large portion of system installation, usually through 
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reduced labor costs, and roof area is available to house the less efficient unglazed collectors, 

unglazed collectors can be more cost-effective than glazed collectors47. The scenarios under 

which unglazed collectors are more cost-effective are well documented in this report. Bright 

Power’s report will expand upon this analysis by analyzing an unglazed, building-integrated 

system from Bldg. Int. Solar. 

B.  Alternative two-tank configuration 
Francis de Winter advocates for the following tank design based on: “a modified, heavily insulated 

‘two-tank’ design, in which the backup tank is mounted above the solar tank, and the tanks are 

coupled with a natural convection thermal diode. The solar tank is about 30% larger than the 

average daily hot water usage, and an efficient backup heater is used; if the temperatures are 

controlled properly, it can get solar fractions of above 90% (25-27), as shown by lab tests, a field 

test, and computer runs. This design does not require costly features; it just requires useful design 

and control ideas.”48 After reviewing commercially available technology, Bright Power was 

unable to find manufacturers implementing this technique in a product.  Bright Power will consult 

with our manufacturers to see if it is a system design they could provide. 

C. Direct vs. Indirect systems 
We considered including direct SDHW systems (e.g. thermosiphon and direct-pumped systems) – 

those that pump water directly to the collectors to be heated instead of using a heat-transfer fluid 

such as a glycol/water mixture. Nevertheless, our research leads us to believe that this will not be 

a viable system worth modeling due to New York’s winter freezing climate. 

D. Solar Fraction 
We considered including solar fraction, the percent of domestic hot water generated from solar, as 

a design factor. In order for the studied systems to most accurately reflect the types of systems 

customers will likely purchase, we will allow manufacturers to design systems as they would in 

the marketplace, to the solar fraction they think most cost-effective. 

47 Jay Burch, Jim Salasovich, and Tim Hillman. “An Assessment of Unglazed Solar Domestic Water
 
Heaters” (paper presented at the annual conference of the American Solar Energy Society, Orlando,
 
Florida, August 6-12, 2005).

48 de Winter, Francis.  “Solar Water Heating With Backup Heating: A Review.” (paper presented at the
 
annual conference of the American Solar Energy Society, Orlando, Florida, August 6-12, 2005).
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System ID 
Delta T 

(ºF) 

System 
Pumping 

Rate 
(GPM) 

Collector 
Low 
Limit  
(ºF) 

Tank 
High 
Limit 
(ºF) 

Description 

F
la

t 
B

 -
 F

la
t 
P

la
te

 

520 18/5 1.5 80 160 

Two Gobi 3366 Flat Plate/ two tank 
configuration: 80 gallon solar preheat 
(external heat exchanger), natural gas fired 
conventional 

521 18/5 1.5 80 160 As above with electric resistance backup 

522 18/5 1.5 80 160 As above with propane backup 

530 18/5 1.5 80 160 

Two Gobi 3366 Flat Plate/ one tank 
configuration: 80 gallon conventional natural 
gas fired with external heat exchanger 
attached 

531 18/5 1.5 80 160 As above with electric resistance backup 

532 18/5 1.5 80 160 As above with propane backup 

E
v
a
c
 C 641 13.5/5.5 1.5 N/A 175 

Thirty tubes/ 120 gallon Sepco storage tank 
with electric element 

610 13.5/5.6 2.5 N/A 175 
Thirty tubes/ 120 gallon storage tank coupled 
with instantaneous gas hot water heater. 

B
ld

g
. 
In

t. 700 12 2.5 N/A N/A 
Six hundred sf building integrated collector 
under metal roof/ 120 gallon single heat 
exchanger tank & 40 gallon conventional tank 

701 12 2.5 N/A N/A As above with electric resistance backup 

702 12 2.5 N/A N/A As above with propane backup 

Notes on Table 39: The Delta T is defined as the difference between the collector and solar tank 
temperatures.  It is comprised of two numbers, the first indicates the Delta T at which the system pump 
turns on, and the second is the Delta T at which the system pump turns off.  For example the Flat A Delta T 
setting is 12/8 – when the difference between collector and tank temperature is 12°F, the pump turns on 
and will continue to run until the Delta T drops to 8 °F.  When the system is on, it runs at the “system 
pumping rate”.  Additionally, the system pump will not turn on when the collector temperature is below the 
“collector low-limit” or when the tank temperature is above the “tank high limit”.  Several systems do not 
have a collector low limit specified – however it is important to remember that there is an effective 
“collector low-limit” of minimum tank temperature plus Delta T.  For example, since the tanks rarely fall 
below 60 °F, and Delta T is rarely set below 10 °, there is an effective collector low-limit of 70 °. Numbers 
in red indicate assumptions to be confirmed by the manufacturer.  It is worth noting that Evac A&B does 
not have SRCC ratings for its flat plate collector and is not releasing system designs at this time. 
Therefore, Evac A&B flat plate collectors (Systems would be labeled with 4 as the first digit, e.g., 4XX) are 
not shown in Table 39. 
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APPENDIX 3 – DATA MATRICES OF ESTIMATED ENERGY PERFORMANCE 

Matrices located on following pages 
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APPENDIX 4 – RESIDENTIAL ENERGY COSTS 

Table 40. Residential Cost of Energy 

Location 
Electricity** 
(cents/kWh) 

Oil* 
(cents/gallon) 

Natural 
Gas** 

(cents/therm) 
Propane* 

(cents/gallon) 
Utility 
(Electric) Utility (Gas) 

Albany 13.5 257.2 117.5 246.4 

National 
Grid 
(Capital 
Region) National Grid 

Binghamton 12.9 257.2 96.2 216.5 NYSEG 
NYSEG 
(Binghamton) 

Buffalo 12.1 243.9 132.7 217.1 

National 
Grid 
(Frontier 
Region) 

National Fuel 
Gas 

Elmira 12.9 243.9 130.5 217.1 NYSEG 
NYSEG 
(Elmira Area) 

Islip 19.9 271.9 145.3 251.4 LIPA Keyspan 

Jamestown 12.1 243.9 132.7 217.1 

National 
Grid 
(Frontier 
Region)*** 

National Fuel 
Gas 

Massena 13.1 258.4 120.3 233.1 

National 
Grid 
(Utica 
Region) 

St. Lawrence 
Gas 

New York 
City 21.1 275.8 172.4 -

Con 
Edison Con Edison 

Plattsburgh 12.9 258.4 135.1 233.1 NYSEG 

NYSEG 
(Combined 
Area) 

Rochester 9.4 243.9 114.5 217.1 

Rochester 
Gas & 
Electric 

Rochester 
Gas & 
Electric 

Syracuse 13.1 257.2 117.5 216.5 

National 
Grid 
(Central 
Region) National Grid 

Utica 13.1 257.2 117.5 216.5 

National 
Grid 
(Utica 
Region) National Grid 

Watertown 13.1 258.4 117.5 233.1 

National 
Grid 
(Utica 
Region) National Grid 
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APPENDIX 5 – ECONOMIC MATRICES 

Matrices are included in the following pages. 
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